Recent advances in childhood cancer treatment have increased survival rates to 80%. Two out of three survivors experience late effects (LEs). From a group of 241 survivors previously described, 193 were followed at the long-term follow-up clinic (LTFC) of Severance Hospital in Korea; the presence of LEs was confirmed by oncologists. We reported the change in LEs during 3 yr of follow-up. The median follow-up from diagnosis was 10.4 yr (5.1-26.2 yr). Among 193 survivors, the percentage of patients with at least one LE increased from 63.2% at the initial visit to 75.1% at the most recent visit (P = 0.011). The proportion of patients having multiple LEs and grade 2 or higher LEs increased from the initial visit (P = 0.001 respectively). Forty-eight non-responders to the LTFC were older and had less frequent and severe LEs than responders at initial visit (all P < 0.05). In multivariate analysis, younger age at diagnosis, older age at initial visit, a diagnosis of a brain tumor or lymphoma, and use of radiotherapy were significant risk factors for LEs (all P < 0.05). Adverse changes in LEs were seen among the survivors, regardless of most clinical risk factors. They need to receive comprehensive, long-term follow up.
INTRODUCTION
Recent advances in the diagnosis, treatment, and supportive care of childhood cancers have increased the survival rate up to 80% (1) . As more survivors of childhood cancers reach adulthood, chronic toxic effects from treatment−the so called "late effects (LEs)"−are also increasing in frequency (2, 3) . In the United States, there are about 270,000 survivors of childhood cancers, and about one of every 640 young adults (20-39 yr of age) is a childhood cancer survivor. In general, two out of three of survivors experience at least one late effect (2) .
The range of LEs is quite broad and can involve endocrine (including gonadal and growth), cardiovascular, pulmonary, and renal systems, or result in neurocognitive abnormalities (4, 5) . Increasing concerns about chronic health conditions and health status, including quality of life, have prompted a call for guidelines for long-term follow-up of survivors of childhood cancers in various regions of the world, and multidisciplinary approach is being performed (6, 7) .
There are many published reports on LEs and health status (i.e., general and mental health status). While most of the studies were focused on a single LE or a single disease entity, some large scale studies on overall health status were recently conducted in Western countries (2, (8) (9) (10) . Due to the large number of childhood cancer survivors, many studies have used public health data or questionnaires instead of confirming LEs by physicians.
We have previously published a report on the overall health conditions of childhood cancer survivors seen at a long-term follow-up clinic (LTFC), the first one to be established in Korea (11) . Here we report the follow-up data for these survivors. The purpose of this study was to determine the characteristic changes in LEs in the same cohort of survivors and to present insights for development of well-coordinated, follow-up protocols for survivors.
MATERIALS AND METHODS
In January 2005, an LTFC for childhood cancer survivors was established in Severance Hospital, Yonsei University Health System (YUHS) in Seoul, Korea. A childhood cancer survivor was defined as a person who survived for at least 2 yr after completion of cancer therapy. Members of a society of childhood cancer survivors treated at Severance Hospital were invited to the LTFC. This study included 241 childhood cancer survivors who were included in our previous report on the health status of survivors. All patients were diagnosed before the age of 18 yr and were treated at Severance Hospital between 1980 and 2007. Other inclusion and exclusion criteria for survivor recruitment are described in the previous study (11) . While follow-up on a http://dx.doi.org/10.3346/jkms.2013.28.5.755 regular basis was recommended for all 241 survivors, only 193 survivors were being followed at the clinic as of February 25, 2011 .
Medical records were reviewed to determine treatment history and health risks for each survivor. Many published longterm follow-up guidelines for the survivors were adopted and modified by YUHS to develop a follow-up protocol, taking into consideration the expertise, effectiveness, and regional reimbursement environments of Korea (12) (13) (14) . Detailed operation of our LTFC is described in the previous report (11) .
Data analysis
In the previous study, late effects were defined as adverse events experienced by survivors at least 2 yr after completion of therapy. The severity of each LE was graded according to the Common Terminology Criteria for Adverse Events v3.0 (CTCAE). Based on other reports, the grades were considered as continuous variables in order to compare the severity of LEs between risk groups (15, 16) .
Late effects were analyzed in three ways: the number of LEs, the mean severity of LEs, and the sum of LEs grades (sum). Since LEs were classified by both individual organs and body systems, to avoid counting an LE more than once, the number of LEs represents the number of affected body systems (online supplemental Table S1 ). The mean severity is the arithmetic mean of the severity grades. The sum of grades of LEs takes the sum of all LE grades in each survivor and it reflects both the number and severity of LEs that each survivor has.
Statistical analyses
Health conditions were compared between 48 survivors who were lost to follow-up (non-responders) and the 193 survivors (responders) who were followed. The significance of the number, mean severity, and sum of LEs was tested by chi-square test, Student t-test, paired t-test, and one-way analysis of variance (ANOVA). A correlation analysis (Pearson's coefficient) was also conducted. Non-parametric variables were tested using the Mann-Whitney test. A multiple linear regression analysis was performed to examine the association between clinical risk factors and the number, mean severity, or sum of LEs.
Ethics statement
This is an observational cohort study which is approved by the Yonsei University Health System's institutional review roard (IRB, 4-2008-0268). Informed consent was waived by the board.
RESULTS

Late effects-initial versus recent visit
For the 193 survivors (responders), the mean sum of grades at the most recent visit was increased compared with the initial visit (2.6 ± 0.2 vs 1.7 ± 0.1, respectively, P < 0.001; Table 1 ). Late effects were observed in 75.1% of responders at the recent visit, which was higher than at the initial visit (63.2%, P = 0.011). Five LEs were observed in 3.6% of responders at a recent visit, compared with only one (0.5%) of all survivors at initial visit. Among responders, 53.3% had grade 2 or higher LEs, compared with 26.4% at initial visit (P = 0.001). There was one death (grade 5) among responders, due to dilated cardiomyopathy related with anthracyclines.
Demographic findings of responders and non-responders
In the responder group, 62.2% were male, and 37.8% were female (online supplemental Table S2 ). The median age at diagnosis was 4.4 yr (range, 0.0-16.8 yr) for responders and 5.0 yr (range, 0.2-16.8 yr) for non-responders (P = 0.628). Age at initial visit and current age were all higher in the non-responder group compared with the responder group (all P = 0.001). The median time elapsed since completion of treatment was also higher in non-responders than in responders (P < 0.001).
In the responder group (n = 193), 36.8% (n = 71) had leukemia and 15.5% (n = 30) had lymphoma. The distribution of malignancies and treatment modalities were not significantly different between the two groups (P = 0.655 and P = 0.088, respectively). The proportion of survivors who had undergone a hematopoietic stem cell transplant (HSCT) was significantly higher in the responder group compared with the non-responder group (20.7% [40/193] 
Overall late effects for responder and non-responder groups at initial visit
The sum at the initial visit was significantly lower in non-re- sponders than in responders (1.0 ± 0.2 vs 1.7 ± 0.1, respectively, P = 0.01, online supplemental Table S3 ). The percentage of survivors who presented with LEs was lower in non-responders compared with responders (45.8% vs 63.2%, respectively, P = 0.028). Twenty-one (10.9%) survivors in the responder group had three or more LEs compared with only two (5.2%) survivors in the non-responder group (P = 0.048). A lower proportion of survivors (20.9%) in non-responder group had grade 2 or higher LEs in comparison with the responder group (37.8%, P = 0.016).
Change in late effects by body systems in responder group
The most common LEs observed at recent visit were related to the endocrine system ( Table 2) . Of all responders, 43% (83/193) had endocrine LEs, including thyroid (n = 42), growth (n = 33), sexual (n = 42), and metabolic (n = 12) effects. For grade 3 or higher LEs, endocrine (n = 20, 10.4%), and neurologic (n = 9) abnormalities were the most common at recent visit.
In the paired analysis for findings from initial and follow-up visits, increases in both the percentage and the mean severity of specific LEs were seen for many of the body systems. Endocrineassociated LEs increased from 31.6% to 43.0% (P = 0.021) with an increase in mean severity from 0.54 ± 0.06 to 0.74 ± 0.08 (P = 0.002). Musculoskeletal-associated and neurologic LEs increased in number and severity during the follow-up. No significant changes in percentage or severity of LEs were observed in bone marrow or in cardiovascular, auditory, ocular, pulmonary, or renal systems.
Among responders, two patients relapsed. One patient diagnosed with acute lymphoblastic leukemia at the age of 4.8 yr; relapsed at 10 yr. The other patient had non-Hodgkin's lymphoma at 5.7 yr, and developed leukemic transformation at 10.4 yr.
Three patients developed secondary malignancies. One patient with non-Hodgkin's lymphoma was diagnosed with pancreatic neuroendocrine tumor 20.3 yr after the first cancer diagnosis. A patient with acute lymphoblastic leukemia developed glioblastoma multiforme 8.9 yr later. The last patient, with a malignant fibrous histiocytoma, was found to have glioblastoma multiforme 8.6 yr later. 
Change in the number of late effects
The number of LEs increased in both males and females (P < 0.001). The number of LEs increased regardless of the initial diagnosis, except for neuroblastoma ( Table 3 ). All brain tumor survivors (n = 19) experienced LEs. The percentage of survivors with multiple LEs was higher among brain tumor survivors (52.6% to 84.2%, P < 0.001). Wilms tumor survivors experienced the lowest percentage of LEs (52.4% [11/21] ) based on diagnosis. The number of LEs increased in all treatment groups (i.e., chemotherapy, radiotherapy, and surgery). Survivors treated with radiotherapy had the highest number of LEs, and this number markedly increased during follow-up (P < 0.001).
Change in mean severity and total sum of grades during the follow-up
Increases were seen in the severity and the sum of LEs from initial to recent visit in both male and female survivors (Fig. 1) . When assessed by diagnostic groups, all but Wilms tumor and neuroblastoma survivors showed increases in severity and sum of LEs. Brain tumor survivors scored the highest severity and sum at recent visit (2.7 ± 0.1 and 6.3 ± 0.6, respectively). In these patients, both the severity and sum increased during follow-up (P = 0.016 and P < 0.001). For Wilms tumor and neuroblastoma, neither the mean severity nor sum significantly increased from initial to recent visit. Wilms tumor survivors also had the lowest mean severity and sum among diagnostic groups at recent visit.
Mean severity and sum increased in all treatment groups. How ever, for HSCT survivors, the increase in mean severity from initial to recent visit did not reach statistical significance (P = 0.086). Survivors treated with radiotherapy presented with the highest severity and sum of LEs.
Age and change in late effects
The number, severity, and sum of LEs all increased from initial to recent visit in all age groups (Fig. 2 ): age at diagnosis (< 2, 2 -6 and > 6 yr), age at initial visit (> 9, 9-16, > 16 yr), and the number of yr after completion of therapy (< 5, 5-10, > 15 yr). When groups were compared by age at diagnosis, the number, severity, and sum of LEs were all significantly higher in the older age at diagnosis group (> 6 yr).
The number of LEs at follow-up was higher in the older 'age at initial visit' group. However, there were no significant differences in severity and sum for each 'age at initial visit' group at recent LTFC visit. The number, severity, and sum of LEs at follow-up were not significantly different when 'years after completion of therapy' groups were compared.
Multivariate analysis of change in number, severity, and total sum of grades
Age was not significantly associated with change in the number of LEs (Table 4 ). For diagnostic groups, both brain tumor and lymphoma had a significant effect on the change in number of LEs. Radiotherapy was the only significant treatment factor af- fecting the change of number of LEs (P = 0.001) as well as the change in grade severity (P = 0.004). Age at diagnosis and age at first visit were both significant risk factors for changes in sum (Beta -0.649, P = 0.007, Beta 0.642, P = 0.028, respectively). The number of years after completion of therapy showed marginal effects on the change in sum of LEs (Beta -0.423, P = 0.056). When analyzed by diagnostic groups, brain tumor and lymphoma were significant factors for sum (all P = 0.001). Among treatment modalities, only radiotherapy was a significant factor affecting sum (P = 0.001). Wilms tumor was the only diagnosis to have favorable changes in the severity and sum, but the effects were not significant (Beta -0.030, P = 0.773; Beta -0.105, P = 0.346, respectively).
DISCUSSION
Although LEs in cancer survivors are a well-known health issue, comprehensive follow-up data are limited. Survivors who actively participate in an LTFC follow-up usually expect to be monitored to allow for early detection of complications and cancer recurrences (17) . However, comprehensive long-term follow-up is frequently difficult to perform because of limited local resources and expertise. It has been shown that there is a discrepancy between patient self-reports, medical records, and findings on clinical examinations (8, 18) .
Our present study was based on 2008 to 2011 follow-up data from an LTFC which opened in 2005. The LTFC provided survivors with continuous and detailed consulting regarding their health, and each patient was examined by an oncologist to assess LEs. As a result, the participation rate in our study was high-about 80%--from our initial report. Survivor participation rate is primarily dependent on patient satisfaction with consulting at an LTFC, and most studies report that over 50% of survivors are lost to follow-up (19) (20) (21) . High participation rate in this study, along with consulting for survivors' health issues and detailed examination of factors affecting LEs are main strengths of our study. Most of the survivors experienced additional LEs or had an exacerbation of existing LEs during follow-up. The percentage of survivors with LEs increased from 59.8% at initial visit to 75.1% at final visit. The percentages were similar to other reports: 62.4% in the United States and 74.5% in the Netherlands (2, 8) . Increase in the number of LEs can mainly be attributed to survivors' health conditions and follow-up duration. However, selection bias is also a factor. Some survivors refused to participate in the LTFC despite recommendations for LTFC. Although risk factors (e.g., diagnosis and treatment modality) in non-responders were not significantly different than responders, non-responders were older at initial visit than responders. Non-responders also had more time elapsed since the completion of treatment. The mean age at initial visit was 17.4 yr and more than 12.1 yr had passed since they completed their treatment. As these patients grew older and more time passed since completion, the concern or worry about cancer recurrence or LEs lessened (22) . In addition, adult survivors can independently decide whether to participate in an LTFC follow-up unlike younger survivors for whom parents play a vital role in caring and monitoring (23) .
The number and severity of LEs at initial visit were lower in non-responders than in responders. Non-responders could have been in better general health than other survivors, leading to low participation rate and selection bias (22) . According to data from the Childhood Cancer Survivor Study (CCSS), survivors who were followed were significantly more likely to have a chronic health condition compared to those not participating (69.1% in LTFU clinic vs 48.7% with no follow-up) (22) . Another reason survivors refuse participate may be to avoid additional emotional trauma by discussing childhood cancer experiences (24) . Despite these potential biases, it is important to emphasize that most survivors who were followed at the LTFC showed an increase in the number and severity of LEs. This finding is consistent with other studies on changes of LEs during followup (2, 25) . Thus, regular follow-up at an LTFC is recommended not only for survivors at risk but also for those who have entered adulthood and are relatively healthier than other survivors.
Both the percentage of patients with LEs and the mean severity of LEs increased during the follow-up for most of the body systems. Particularly, endocrine (including growth or sexual/ pubertal effects), musculoskeletal, and neurologic abnormalities became more frequent and severe. Endocrine abnormalities are the most common LEs likely, because survivors of childhood cancers were in the stage of active growth and development of second sexual characteristics during treatment for cancers (2, 8, 11, 26) .
Our study found that the number, mean severity, and sum of LEs all were increased, regardless of most clinical factors. The number of LEs, mean severity, and sum were the highest in brain tumor survivors and the lowest among Wilms tumor survivors. These findings were consistent with previous reports (2, 10, 11, 27) . On the other hands, it is striking that the risk of death was still higher among these survivors than the general population when they were followed continuously (28) . Therefore, survivors of Wilms tumor should also undergo comprehensive follow-up at an LTFC.
Lymphoma was also found to be a significant factor for change in the sum and the number of LEs by multivariate analysis. It has been previously reported that lymphoma is a risk factor for developing cardiovascular LEs, secondary cancers or pulmonary abnormalities (29) .
In general, the number, severity and sum of LEs increased by age at diagnosis, age at initial visit, and years since completion of treatment. This means that care at an LTFC should be provided to most of survivors, regardless of age. It should also be emphasized that LEs related to development involving endocrine, musculoskeletal, and neurologic systems are most likely to occur. Therefore, adolescents and young adult survivors should be carefully followed. For the change in sum, all age groups were significant in multivariate analysis. Patients of younger age at the time of diagnosis were at greater risk of showing adverse changes in LEs during follow-up (Beta -0.649, P = 0.007). Older age at the first visit to the LTFC was found to be a risk of developing LEs in the future (Beta 0.642, P = 0.028). Although the significance was marginal, the risk of developing LEs decreased as survivors aged and more time passed since completing treatment (Beta -0.423, P = 0.056). According to these findings, survivors diagnosed at young age should be regularly and frequently followed. If survivors' first visits are at an older age, they should initially be examined more frequently. The first visit at older age implies that survivors might have lost the opportunity for early LE detection and timely treatment.
Cancer survivorship program is the emerging field in oncology. In the Western countries, the survivorship care protocols have been published and used. Many cancer centers have longterm follow-up clinics for childhood cancer survivors (30) . In Asia-Pacific regions including Korea, the survivorship programs are under development. We published the first comprehensive report on the childhood cancer survivors in Korea in 2009 and the nationwide study activities for cancer survivors just have started (11, 30, 31) .
Our study has some unique points. Late effects in survivors were confirmed in person by oncologists, and the cohort was comprehensively followed for 3 yr. We could also characterize non-responders to follow-up at the LTFC. Finally, this followup report is the first evaluating patients in Asia; similar data are still insufficient worldwide. A major limitation of this study is the small sample size. We tried to overcome this limitation by performing comprehensive follow-ups of the survivors.
In conclusion, LEs are common in childhood cancer survivors. Regardless of most clinical risk factors, the number and severity of LEs tend to increase over time. Survivors of childhood cancer need careful and comprehensive follow-up in order to identify and manage LEs.
